Autologous growth factors have been used in maxillofacial and plastic surgery since the 1990s. The use of preparations rich in growth factors has seen an increase in sports medicine is due to its potential to enhance muscle, tendon, ligament and cartilage healing, and thereby accelerating an athlete's functional return to play. The efficacy of these autologous preparations rich in growth factors has seen varying healing effects for ligament, tendon, muscle, and cartilage injuries. Current clinical evidence is in its infancy with mainly animal and retrospective human studies, but the use of preparations rich in growth factors has increased, given its favourable safety profile and efficient preparation and delivery systems. It is important for physicians to keep abreast with the latest available preparation devices and current clinical evidence looking into the effects of autologous growth factors on tendon, ligament, muscle and cartilage healing.
InTroducTIon
In the quest to accelerate musculoskeletal repair, the use of autologous biological therapies have become widespread in sports medicine. The efficacy of autologous preparations rich in growth factors (PRGF) has seen varying healing effects for ligament, tendon, muscle, and cartilage injuries. Healing is promoted by growth factors acting directly on target cells present in the injured site. Animal models have shown up-regulation in temporal expression of some growth factors and their receptors during the healing process in tendons 1, 2 , while healing has also been shown to take place in response to local application of growth factors 3, 4 . Its efficacy in healing tendons, articular cartilage and ligaments has been shown in several studies [5] [6] [7] [8] .
WhAT Are GroWTh FAcTorS?
Growth factors are a heterogeneous group of proteins secreted by many different body tissues, which include connective tissue cells, haematopoietic stem cells, white cells, platetelets and solid organs like the liver. As growth factors have a short biological half-life and are cleared rapidly from the circulation, they exert mostly local effects. Platelets are an important component involved in haemostasis and store growth factors in alpha granules, which are activated to release these factors at the site of injury 9 .
Platelets store and transport a number of important growth factors. The important growth factors include transforming growth factor Beta (TGF-B), platelet derived growth factor (PDGF), insulin-like growth factor (IGF), vascular endothelial growth factor (VEGF), and basic fibroblast growth factor (bFGF). The actions of these growth factors are shown in Table 1 (overleaf ).
PrePArATIonS oF GroWTh FAcTorS And AdMInISTrATIon
There are currently several methods of concentrating growth factors. Platelet-rich plasma (PrP) involves extracting the portion of plasma that contains higher concentration of platelets after Proceedings of Singapore Healthcare  Volume 19  Number 3  2010 centrifugation of autologous whole blood. PRP has been found to contain between 4 to 8 times the normal platelet concentrations compared with whole blood 16 . The increased concentration of platelets results in an increase in alpha-granules which store growth factors 9, 16 . When delivered into damaged tissue, the platelets begin active secretion of growth factors within 10 minutes, with more than 95% of the growth factors released within the hour. The platelets remain viable for 7 days in the tissue and continue to release growth factors 18 .
PRP preparations have certain steps in common. The first step is the withdrawal of the patient's peripheral blood, followed by centrifugation to yield 3 layers -the red layer (containing erthryocytes), white layer (leukocytes and inflammatory cytokines), and the yellow layer (containing plasma, platelets and growth factors) 19 . The upper most layer, the yellow layer, is extracted and used to be injected into the affected region of the body. Currently, there are many commercial systems available, for example: ACP-NS by Arthrex, GPS by Biomet and Magellan by Medtronic, to name a few 19 . These systems differ in terms of speed of centrifugation, number of centrifugations, the use of anticoagulant, the presence of leukocytes in the preparation, and the use of activators 19 . The initial blood volume withdrawn, final volume of PRP and final platelet concentration also differ between systems. Some systems do not use activators in their protocol with the reason that the preparation will be activated once in the tissues. Exogenous thrombin has been used but the argument against it is the risk of immune reactions 20 . Calcium chloride has also been used as an activator to avoid immune reactions 20 . The inclusion of leukocytes in the preparation has also been a source of controversy, as leukocytes may release matrix metalloproteinases 20 and reactive oxygen species that increase tissue damage 21 . However, whether the presence of leukocytes will have a positive or negative effect cannot be applied to all tissues and pathologies.
Delivering a higher absolute number of platelets does not necessarily make a particular system or protocol better. In bone regeneration, concentrations above 1.8 x 10 6 platelets/µL may have an inhibitory effect while concentrations below 3.8 x 10 5 platelets/µL is suboptimal 22 .
Besides yielding greater concentrations of growth factors, PRP preparations also present some advantages over other methods of obtaining growth factors. Platelets have an important role in coagulation and haemostasis 19 . The alpha granules of platelets also secrete other cytokines/proteins (endostatins, platelet factor 4) that are involved in the healing process 23 . Platelets have also been found to have analgesic properties, releasing Table 1 . Selected growth factors and its actions.
Growth Factor Actions
Transforming growth factor Beta (TGF-B) [9] [10] [11] [12]  Active in most stages of tendon healing  Direct stimulatory effect on collagen synthesis  Stimulates osteoblasts Platelet-derived growth factor (PDGF) 9, 13  Active in early stages of healing  Induces the synthesis of other growth factors  Stimulates cell replication  Promotes angiogenesis  Promotes granulation tissue Insulin-like growth factor (IGF) 14  Important mediator during the inflammatory stages  Promotes cell proliferation Vascular endothelial growth factor (VEGF) 1, 9  Stimulates angiogenesis Fibroblast growth factor (FGF) 9 protease-activated receptor 4 peptides 24 . Fibrin, present in PRP, allows for the creation of a scaffold for wound healing, which in turn is used for stem or primary cell migration and differentiation 19 .
Autologous blood injection involves obtaining whole blood from the patient and re-injecting, normally a few millimeters, of that same blood to the site of injury. This preparation does deliver growth factor-releasing platelets, but at concentrations lower than PRP 16 .
Autologous conditioned serum is another technique of yielding growth factors. The blood obtained from the patient is incubated with glass beads and spun down 25, 26 . This technique yields lower concentrations of platelets and a preparation of released growth factors which is lower than PRP.
There are currently no common guidelines on the administration protocol of PRGFs, as studies vary in terms of clinical condition, chronicity or severity of condition, single or repeated injections. Studies also do not critically assess clinical outcomes when PRGFs are directly injected into injured tissue or around the tissue. The use of ultrasoundguided injections theoretically allows for accurate placement and administration of PRGFs into affected tissue, but there are no studies that have assessed this 27 .
GroWTh FAcTorS And TISSue rePAIr Tendon Injuries
Overused tendon injuries form a significant proportion of musculoskeletal injuries. With repetitive stress injuries, tendon collagen fibres form micro tears, leading to tendinopathy. Soft tissue healing occurs in 3 phases of inflammation, proliferation and remodelling. However, often due to poor vascularisation, tendon healing tends to be slow compared with other soft tissues 28 . Furthermore, histologic examination of chronic tendon injuries reveal angiofibroblastic degeneration rather than an inflammatory response 17 . Given the inherent poor healing properties of tendon, growth factors play a significant role in healing by binding to receptors on local and circulating cells to initiate a sequence of intracellular signalling that results in the expression of proteins 29 . These proteins are important in regulating cellular chemotaxis, matrix synthesis and proliferation 29 . While there is stimulation of proliferation, excess inflammation is inhibited by suppression of macrophage proliferation and interleukin-1 production in the early stages of healing 30, 31 . This creates a balance between healing and the negative effects of excessive inflammation 32 .
There have been numerous studies into the effect of growth factor injection on tendons, and these have been either human or equine cell culture studies. Enhanced collagen gene expression 33 , tenocyte proliferation, greater maturation in tendon callus, enhanced mobilisation of cells from the circulation to site of injection were seen 34 . Animal studies have shown growth factors are capable of increasing the strength of rotator cuff repairs 35 , but researchers point out that this is achieved through the production of scar tissue, instead of the regeneration of native tissue at the tendon-bone insertion site. This alludes to the need for further work into the optimal timing and delivery method of growth factors in tissue healing.
Muscle Injuries
Injury to muscle tissue can occur from direct contact or from muscle fibre tearing due to eccentric loading when contracting 37 . This causes a range of injury from bruising to muscle tear. The conventional treatment employs modalities such as ice, electrotherapy, mobilisation, manipulation and exercise to optimise the healing process and recovery time.
Muscle healing takes place in a series of steps, which overlap -inflammation, proliferation and remodelling. The steps are regulated by the presence of growth factors and cell interactions. There is a large concentration of cytokines found in healing muscle, evidence for the role of growth factors in muscle healing. Growth factors not only enhance muscle regeneration, but also enhance muscle force 38 .
Growth factors, in particular IGF, have been described in vivo to enhance muscle regeneration 39 capacity. The incidence of articular cartilage pathology continues to grow due to greater physical activity and sports participation, while treatment remains a challenge for sports medicine and orthopaedic specialists. An increasing concern is the subsequent progression to osteoarthritis after traumatic joint injury in sports persons. Emerging studies of growth factor injection to treat cartilage lesions have shown promising results. Studies have shown in vivo and in vitro, that various growth factors promote chondrocyte proliferation 41 , chondrogenic differentiation of bone marrowderived mesenchymal stem cells 42 , and induce an upregulation of cartilage matrix derivatives 43 . Wu et al studied the effects of PRP used as a carrier for cultured autologous chondrocytes, leading to cartilage formation when implanted in the subcutaneous tissue of rabbit models 44 .
Bone Injuries
Platelets have been found to be a natural vehicle for growth factors and cytokines that promote the process of bone mineralisation. Growth factors such as PDGF, IGF, and TGF-B are important modulators of this process 45, 46 . Members of the TGF-B superfamily, together with bone morphogenic proteins released from mesenchymal stem cells, are responsible for triggering chondroblastic and osteoblastic differentiation and new bone matrix production 47 .
An example of an animal study include one by Simman et al that showed accelerated fracture healing of rat femurs by PRP in a case-control study 48 . At 4 weeks of fracture healing, there was higher callus to cortex width ratio radiographically, along with increased bone strength and histological evidence of enhanced bone formation in the PRP group.
clInIcAl APPlIcATIonS In SPorTS MedIcIne Tendon and ligament injuries
Sanchez et al 5 combined open repair of completely torn Achilles tendons with application of an autologous PRGF in a case-control study. Although it was a retrospective study and subject numbers were small, Sanchez's study was one of the first to investigate the treatment of tendon injury with growth factors and had good results in terms of enhanced healing and functional recovery. In addition, there were no wound complications observed. Further studies of growth factor augmentation have also demonstrated faster recovery times for athletes with Achilles tendon and rotator cuff tears 28, 49 . To lend further strength to the current literature of retrospective studies, several prospective randomised trials are underway to delineate the effects of growth factors.
In chronic elbow tendinosis treated with growth factor injection, Mishra et al found high rates (above 90%) of pain reduction, return to work and to daily activities at long term follow up of patients 17 . Similar to using growth factors, Connell et al assessing the efficacy of autologous blood injection under sonographic guidance for the treatment of lateral epicondylitis demonstrated reduction in pain score (100% at 6 months), with significant sonographic reduction in tendon thickness and hypoechoic changes seen 37 . Moon et al studied the injection of iliac bone marrow plasma after arthroscopic debridement in severe elbow tendinosis. In this observational followup study of 26 patients, improvement in pain scores and early recovery of daily activities were demonstrated 50 .
PRGF has been used to enhance tendon grafts for ligament reconstructions. Sanchez and collaborators, in their study investigating the application of PRGF during anterior cruciate ligament (ACL) surgery showed that it influences the histologic characteristics of such grafts resulting in more remodelling compared with untreated grafts 36 There is an ongoing randomised controlled multicentre trial using PRP to treat plantar fasciitis by Peerbooms et al in the Netherlands 52 . This trial will compare treatment for chronic plantar fasciitis with a steroid injection versus an injection of autologous platelets. The authors will be assessing main outcome measures of pain relief and function up to 1 year after treatment.
Muscle Injuries
A muscle strain typically puts athletes out of action for several weeks or months and this can result in athletes missing a significant part of the 27 . This was a case series of 14 professional soccer and basketball players who presented with 16 muscular injuries. A preparation of autologous PRP was injected, via ultrasound guidance, into each muscle tear after aspiration of the haematoma. Cugat et al reported an improvement in return-to-play interval, which was compared to previously published expected return-to-play data.
A pilot study found a significantly accelerated recovery time when professional athletes with muscle strains were injected with autologous conditioned serum 25 . The control group in this pilot study, however, was a retrospective analysis of previous athletes treated with conventional injection of anti-inflammatories or deproteinised dialysate.
While the improved time to return-to-play would seem like an enticing reason to consider growth factor injections for muscular injury, other researchers have advocated caution. This is due to concerns that a fibrotic response can be induced by TGF, released by the platelets' alpha granules 54 . This fibrotic healing can lead to an increased incidence of reinjury.
chondral Injuries Sanchez et al described a case report of the use of PRGF for a young soccer player who sustained a large, non-traumatic avulsion of the articular cartilage of the knee. In this approach, an intraarticular injection of PRGF was given after arthroscopic reattachment of the loose chondral body in the medial femoral condyle. Significant accelerated healing and functional recovery was observed, with the adolescent rapidly returning to activity symptom-free 6 .
In the treatment of severe chondropathies of the knee, a pilot study by Kon et al of 100 consecutive patients with chronic degenerative knees demonstrated short-term symptomatic relief with intra-articular PRP injections. The study demonstrated that PRP had more beneficial effects than hyaluronic acid injections in reducing pain, symptoms and recovering articular function in patients 55 .
Bone Injuries
Gandhi et al's study of the use of PRP in treating fractures of the foot and ankle, found radiographic fracture union in revision operations for nonunions where PRP was applied 56 . These fracture nonunions had demonstrated no trace of PDGF and TGF-B. But Sanchez et al had mixed results when they applied PRP to clinical supracondylar and diaphyseal non-unions 57 . Other studies of bone healing in spinal fusion 58 and in distraction osteogenesis for limb lengthening 59 also show mixed results and are plagued by small sample size and not being randomised.
ISSueS WITh doPInG In SPorTS
The use of growth factors is prohibited under the World Anti-Doping Agency (WADA) Prohibited List 2010 under section S2 60 . Under the same section, platelet-derived preparations like PRP, when delivered intramuscularly, are prohibited. Other routes of delivery require a declaration of use. The use of autologous blood product as a means to deliver growth factors is prohibited under section M1 under blood doping. A doping violation encompasses the use of "any other growth factor affecting muscle, tendon, or ligament protein synthesis… vascularisation… [or] regenerative capacity…" 60 . If the use of growth factors or the use of any of the aforementioned prohibited methods were indicated in the treatment of clinical conditions in an athlete, application for a therapeutic use exemption would then be required.
However, things will change in 2011 as plateletderived preparations, referred to as PRP or blood spinning by WADA, have been removed from the Prohibited List for 2011 61 . This is based on WADA's assertion that current clinical studies show that platelet-derived preparations "do not demonstrate a potential for performance enhancement beyond a potential therapeutic effect…" 61 . This comes as little surprise in the ongoing debate over PRGF and doping as researchers have previously argued that growth factor preparations are unlikely to present any performance-enhancing properties to athletes as growth factors have a short halflife and are present in amounts that cannot produce significant systemic anabolic effects 16 . The particular isoform of growth factor in PRGF is not the isoform responsible for muscular hypertrophy. Individual growth factors are still prohibited when given separately as purified substances.
The International Olympic Committee (IOC) acknowledges the fine line that exists between using PRGF for therapy and the potential for illegal performance enhancement. Thus, an IOC Consensus Statement in 2008 advocated an improved understanding of the molecular basis of the effects of growth factors, to ensure the optimization of therapies using PRGF and minimise the potential risks to patients and athletes 62 .
PoTenTIAl AdvAnTAGeS And lIMITATIonS oF PrGF Advantages of PrGF
The use of PRGF preparations in sports-related injuries presents several advantages. The risk of rejection of the injected PRGF is low as the preparation is derived from the patient's own blood 27 . Secondly, the procedure for preparing the PRGF is simple and fast, allowing for treatment to be administered on the same day and in a rapid way 27 .
limitations of PrGF
Excessive fibrosis has been raised by researchers as a potential local complication of growth factor administration. Fibrosis occurs physiologically at the last phase of muscle healing, and a growth factors play a key role in regulating the balance between regeneration and fibrosis 54 . The use of a singledose of growth factors injected at concentrations higher than normal can result in excessive fibrosis, inhibiting muscle regeneration 63, 64 . There is also a theoretical risk that the application of PRGF can result in carcinogenesis or a cancer-like effect, mediated by the enhanced proliferation and migration of mesenchymal cells. However, researchers argue against the risk of cancer as growth factors do not enter these cells and do not cause DNA mutation 16 .
There is a lack of standardisation in the harvesting of PRGF in the current literature, causing problems with data interpretation and inconsistent results between studies 27 . Standardisation of PRGF production protocols can ensure a consistent and reliable quantification of the concentrations of growth factors administered in future trials. Applying these protocols in a randomised controlled trial would yield high level evidence to determine the efficacy of growth factors.
concluSIon Growth factors delivered by autologous preparations of platelet-rich or conditioned plasma have been shown to yield a significant beneficial effect on the healing of ligaments, muscle, tendon and chondral injuries. While current animal and human studies have shown good early results in terms of earlier functional recovery and return to sport in athletes, further research on PRGF harvesting as well as delivery protocols is needed. These treatments will only be effective if the underlying causative factors and biomechanical errors are corrected. Physicians should still employ and exhaust standard therapy and treatment before considering PRGFs.
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